Abstract: National Marine Spatial Data Infrastructure (MSDI) in the Republic of Croatia has not yet been implemented. This paper examines the requirements and needs of future MSDI stakeholders, using a multidisciplinary approach. The paper describes the testing procedures, how to use the interview method, survey and research results. Survey sample was made up of providers and users of marine spatial data in Croatia, considering also future MSDI stakeholders (government and private sector, research institutions and non-governmental organizations). The aim was to investigate the needs for the MSDI implementation, which in Croatia does not exist at the moment. However, results of our research show that the need for this kind of infrastructure is very high and justified. Results and collected information will be the basis for creation of the MSDI geoportal prototype.
INTRODUCTION
Technology development (cloud computing, volunteered geographic information, big data, data mining, etc.) brings a new dimension of requirements for effective management and the use of spatial data. User needs are changing, as well as the needs of the system itself. Former problems with purchase and transfer of the spatial data are now problems with search ability and optimisation of data. In organized society, spatial data infrastructure (SDI) is becoming the foundation for development and the use of other systems, which are based on the spatial data.
According to the Croatian State Geodetic Administration's (SGA) dictionary, SDI is defined as "a set of technologies, policies, standards, implementation rules, services, human resources and other factors enabling efficient integration, management and maintenance of the sharing of spatial data" [1] . From logical aspect, the SDI structure is made of spatial data, meta data, standards, catalogue and stakeholders cooperation [2] . The SDI serves as a basis for searching and gathering spatial data, and for assessment and use in all sections of society in national administration, commercial and non commercial sector and society itself [3] .
Hećimović et al. in [4] deals with different levels of the SDI, such as global, regional, national and local level. There is also corporative and thematic SDI. Nowadays we can even talk about individual SDI's. One example of thematic SDI, which is placed in national and regional level (depends on organisation) is the Marine Spatial Data Infrastructure (MSDI).
Systematic investment in national spatial data infrastructure (NSDI) is a strong suggestion as a part of the e-Croatia 2020 strategy [5] . It leads to a decrease of expenses and increase of quality in services for citizens and the government, especially those who work with spatial data. Croatian NSDI is regulated by the Law of National Spatial Data Infrastructure [6] , and by the INfrastructure for SPatial InfoRmation in Europe (INSPIRE Directive) [7] .
INSPIRE is an initiative made by the European Commission for establishment of European spatial data infrastructure (ESDI). The Directive that provides legal framework for establishment, supervision and assessment of the INSPIRE came into force in 2007 by the decision and agreement of European parliament and European commission. The purpose was to give support and secure organized and approachable spatial data and information for the countries, which are members of the EU. INSPIRE is based on the EU member states NSDIs.
INSPIRE fosters ESDI establishment, which provides integrated spatial information services to customers. The concept itself is designed in a way to enable users to identify the necessary data sets and allow interoperable access to spatial information from different sources on the European, national, local and regional level [8] . Protection Zone EFPZ [12] Croatian part of the Adriatic coast is one of the most indented coastlines in the world [9, 10, 11] . The coast is specific because of a big number of islands in the relatively small area (55.349 km 2 with internal waters, territorial sea and Ecological and Fisheries Protection Zone EFPZ, Fig.  1 ) [12] . This area, with a delicate and beautiful nature, carries out many activities as hydro technical construction, touristic development, the development of new industries and maritime activity.
Activities on the coast and ocean demand constant spatial reorganisation. This is an extremely difficult activity, inefficient and very expensive without established MSDI. NSDI law in the Croatian legislation transposed the INSPIRE Directive. The goal is the NSDI development to enable effective integration and management and as well maintenance of sharing spatial data for the purpose of satisfying the needs at the national and European level. The Croatian NSDI is a part of the ESDI defined by INSPIRE directive, which means that MSDI should be also an integral part of the NSDI.
In the following chapters, a preparatory planning and shaping of MSDI with the goal towards acknowledgement and fitting the needs of future users has been shown. The procedure of examination of users has been displayed, that will help future implementation of MSDI in Croatia. Also, the current state and the distribution of data, organization of stakeholders and preferences of users of spatial marine data and the maritime zone are presented. The results of the survey will be a cornerstone for further implementation of the system. With the development of the MSDI, better and effective management of the coastal and the sea area will be enabled with the consideration of the Croatian sea area.
MARINE SPATIAL DATA INFRASTRUCTURE
There is a lot of existing research in SDI, which refers mainly to inland data. However, in the recent years, much more has been spoken and written about MSDI, which proves the assertion of the specificity of such data.
One of the significant challenges nowadays is effective marine spatial planning (MSP). Marine spatial data is mainly used as a basis for decision-making [13] [14] [15] [16] [17] . By the establishment of an effective MSDI, MSP becomes extended functionality, with benefits to both sides. Fowler et al. in [18] are linking the two concepts in a unified system, in which MSP becomes one of the useful tools within MSDI's.
The need for MSDI is visible in many EU countries and beyond.
Satra Le Bris et al. in [19] describe the development of MSDI in France (SEXTANT) oriented towards the needs of an integrated management and marine environmental protection. Cinnirella et al. in [20] have multidisciplinary approach to MSDI. Using the example of the Mediterranean, whose approach and interests has a large number of countries, emphasizes the need for cooperation and interoperability through unique MSDI within which can be combined from individual MSDI's. Lübker et al. in [21] presented the concept of the German MSDI, which is oriented towards the entry point, geoportal.
International Hydrographic Organization (IHO) is mainly dealing with the issues of marine spatial data and MSDI concept. IHO gathers the national hydrographic institutions from 81 countries, presented in Fig. 2 [22] .
IHO as the umbrella organisation for international hydrographic activity contributes to its regulations' approximation to standards of collection and presentation of hydrographic, oceanographic, nautical and other data related to the marine area.
MSDI's are being developed in many countries and have a common goal to establish the infrastructure, which facilitates decision making and management of the marine and coastal environment. A large number of coastal states are investigating various approaches to better manage their areas of jurisdiction, often using technology or tools for spatial data management [23] . Evidently, there is a need for better and more comprehensive way of linking various initiatives, offering a better understanding of the need to connect the marine and coastal environment. These findings provide further support to the claim that the MSDI cannot and should not develop in isolation from the broader national SDI of any jurisdiction [24, 25] . MSDI establishment (with easily accessible and up to date spatial data) with identified responsible stakeholders provides adequate protection of the maritime domain. MSDI is the beginning and the basis of effective utilisation of the coast and the marine economic potential. Development of Croatian MSDI is directly associated with the INSPIRE directive, through regulations at national and regional level. According to the time frame for the establishment of INSPIRE in Croatia [26] and in accordance with the Law of NSDI, all of the data should be harmonised and available until 21 October 2020. The Hydrographic Activity Act [27] in Article 15 defines Hydrographic Institute of the Republic of Croatia (HIRC) as the competent institution for the establishment of the Hydrographic Information System (HIS), which consists of MSDI and maritime cadastre. According to this Act, HIS is defined as "Integrated Spatial Information System, which is conducted on the systematic collection of data by performing hydrographic activities, products and exchange information relevant to the safety of navigation, defence, environment protecting and the marine resources exploitation."
Stakeholders Needs during the Establishment of Infrastructure for Marine Spatial Data and in the Republic of Croatia
Result and "face" of the SDI establishment is the geoportal development as an infrastructure access point. It is a platform used by producers and users of spatial data. According to computer engineering, development application as a geoportal has an increasing emphasis on communication with customers in certain phases of the development cycle. Also the communication of individual organisations and professionals involved in the provision of data is important for the development and use of geoportal. In the development of prototype of MSDI geoportal all, the latest methods of computer engineering and data collected by surveying future users will be used.
This system requires rapid modelling, and evaluation of adaptive prototypes, which provide quality testing system.
SUPPORT FOR ESTABLISHING THE MSDI IN CROATIA
Due to the high economic value of coastal and marine areas, their activities and the social value of the zone for the quality of life, coastal zone management is a key component of the socio-economic framework and development of most maritime countries [28] . The coastal region is exposed to natural disasters, which may come from the sea. Also global warming may cause a rise in sea level, which is reflected on the rights, restrictions and responsibilities. Therefore, it is very important to have an accurate and complete source of spatial data and related services, to enable the development planning of coastal areas, and timely disaster management [25] .
Methodology of Research
Modern society requires a multidisciplinary approach to research, so we used the interview and survey, which complement each other, to study current and future MSDI users. This scientific method is used in the humanities. The research identified shortcomings of the interview: inefficiency and time ineffectiveness, and the disadvantages of the survey: the subjectivity of respondents, weak response, lack of understanding of issues and the inability to give more information to the questionnaire.
The combination of the selected method has achieved profitability in a relatively short period for the implementation of the survey and the achievement of desired results [29] , [30] . The study began with a test version of the questionnaire, which was finally formed and refined suggestions obtained from interviews with five selected experts, who use marine spatial data in their work. According to the test version, the questionnaire formed the final version for a larger sample size, and this method has proved useful in the survey. Using the method of personal and telephone interviews, we obtained valuable information about the needs and habits of future MSDI data providers and users.
Using the method of the survey, we avoided the respondent's bias and covered the broad range of the MSDI viewpoints. During survey presentation respondents access the combined method [31, 32] , in order to obtain a better response rate and have a better insight into the situation.
Survey itself does not provide a full understanding of the questions by respondents. Sometimes, information gathering often does not seem possible to standardize with rigid form of classic survey [29] . Therefore, the selected technique was a semi-structured interview [33] , which offers respondents a questionnaire that they filled in the background of the interview. Data obtained by survey enabled enrichment of the information that was gathered in the interview based on comments of respondents during and after filling out the questionnaire.
Research of Users' Needs
The questionnaire was conducted by Google Forms, which offers the possibility of carrying out with a high degree of interaction [34] , [35] . The survey was held in October and November 2014. The collected data are stored in a separate document in accordance with the functions of the web application. Analysis and visualization of data was done with the software Statistical Package for the Social Sciences (SPSS) [36] and Google Forms. We added notes and comments to the collected data recorded through interviews with users. Although questionnaires have been sent to selected respondents, a combined degree of anonymity has been applied (data processing does not record personal data, including the name and personal data of the respondents, and did not influence the processing of the survey results).
Sample Compilation
Using the face-to-face interview method [37] with the five chosen experts, who have many years of experience in working with marine spatial data, an experimental questionnaire has been generated. The experts were chosen to represent the institutions and areas of giving and using Marine spatial data (HIRC, Institute of Oceanography and Fisheries, Faculty of Civil Engineering, Architecture and Geodesy and Faculty of Economics, all in Split) in MSDI. The questionnaire was tested and adjusted for further research. In that phase the respondent sample has been made for the second phase of survey, the participants of the MSDI have been identified, as well as the data frame, which has been fulfilled in the second phase.
After the questionnaire was finalised, the survey was carried out with 72 participants. [38] .
During sample compilation, the focus was set on the experts, who already used marine spatial data in their everyday work and stakeholders as they are relevant to give the information about the development of MSDI. Collected data has shown the problems of distribution of such data and it should provide the development of the MSDI. That allows the users to use the geospatial information as "complete data" and gives the advantage to the flexible data sharing. Data from this research is also used in [38] for data themes priority ranking.
The response rate was 100% because of combined method. In the moments when the sample respondents were not reachable, the suitable replacement was found.
Making of Questionnaire
Final version of the questionnaire was made in Google Form application, as well as in the Microsoft Word document for users who did not have access to the internet. Word documents, which were filled in, were later manually entered into Google Form application. View of the interface is shown in Fig. 3 . Time given for filling in the questionnaire was 10 minutes.
In order to describe things, processes and appearance in this research, two types of variables were used, dependent and independent variables. Dependent variables stand in the centre of the research, describing problems of the research and they are the most important ones. 
Results
Final questionnaire has 32 questions, grouped in 5 sections:
 General information (refers to general questions about the respondent, in which organization he/she works and for how long),  Organization (refers to the questions about the organization, in which the respondent works or belongs, what is their role, how they collect data, and which work platform they use),  Data [third group of questions refer to information about the definition of current spatial data frame, their refreshing and availability. This section is organized in a way to ask questions based on the former data frame, such as: Which information about sea does your organization give, without any reimbursement? Under those questions, there are themes, which the respondents can choose (more than one) and add some other themes about data],  Distribution of the data (refers to the questions about purchasing spatial data from other stakeholders),  MSDI and geoportals (refers to the level of awareness of the user about organized systems of data and initiatives on the EU level, as well as the components of the SDI for geoportals).
At the end of the questionnaire, the respondents were able to write their own opinion and observations about questionnaire, and the MSDI.
Level of Awareness of the Respondent about the Initiatives and Concept of MSDI
"Society as a whole is gaining more and more interest in SDI and public awareness about SDI is increasing" [4] .
Questionnaire sample consisted of the experts who use marine spatial data in their everyday work. It implies that these respondents use terms related to spatial data in their everyday work, and because of that an unexpected fact was received, more than 50% of the respondents had never heard of INSPIRE before they took the questionnaire, which can be seen in Tab. 1. Also, nearly 70% of the respondents have never heard about SDI or MSDI. And that proves the hypothesis from the introduction. On the other side, most of the respondents (87%) agree that the change is needed through the distribution of the data via geoportals, which is one of the components of MSDI.
Marine spatial data is either unavailable or partially available to public and to the experts, for example the marine cadastre as a part of HIS has not yet been established. Therefore public and experts must be educated and aware about the MSDI and INSPIRE.
The rest of the questions, which relate to the level of awareness of the respondents about the concept, are in Tab. 2. This table shows that most of the respondents 50% know of NSDI concept, with the help from the sector for SDI and work sections of NSDI.
Great number of the respondents (80%) already uses the geoportals, and many of them would like to see new services.
Answer the question: "Which services of the geoportals would you like to use?" It is shown as a graph in Fig. 4 . Almost 60 respondents want to use geoportal to download data in GIS formats.
Most of the geoportals do not give that opportunity, but with the development of the marine spatial data geoportals many possibilities are created, such as possibility of analysis and processing of the data on the Web application, and there is a possibility for downloading those data.
Because of that, it is very important to establish the levels of user rights through a licensing system. According to [28] for the establishment of reliable and upgradable system, it is necessary to systematically approach the examination of the users. This kind of approach emphasizes the importance of geoportal as an approachable point for exchange and review of information, as well as the system organization itself in order to transfer the data through the geoportal fast and effectively.
Distribution and Analysis of Data Availability
For the purpose of future MSDI geoportal, it is necessary to collect information about data distribution. The focus of the problem is the availability of marine spatial data in Croatia and the ways of supplying the data. According to the survey, 47.9% of respondents collect data on an official request, 32.2% take the public available data, and 19.8% of its data are buying in the market.
Assessment of the data availability has been according to two criteria: general assessment of the data availability and a time period needed for the data collecting.
According to the criteria, it is visible that both users and providers of data have problems with spatial data delivery (over 50%). According to answers it is visible that most respondents think that there is no defined procedure of data collecting, which confirms the need for the geoportal as organized system for display and exchange of spatial data. In the interview with experts on this question, as additional comments, communication problems in the institutions were mentioned, such as responsibility dispersion, corruption and non-existence of clear rules.
These problems directly affect the time component of collecting some data. Only 16.7% of respondents mostly get the requested data in a week period, the rest get their data within a month, and even longer.
CONCLUSIONS
The need for better management of the marine environment requires development of MSDI. Countries and different state jurisdictions are improving their marine management through the improvement of accessibility and availability of marine spatial data. Current marine administrations include resources and risk management, which involve marine industries and marine protected areas.
The aim of this research was to gather the relevant information from the providers and users of marine spatial data as a basis for further modelling and development of MSDI in Croatia. For this purpose, we developed a survey that was complemented by interviews with relevant MSDI stakeholders.
The survey questioned a wide range of existing and future stakeholders. It defines the requisite and possibilities for data and services, which will help modelling and establishing the future MSDI. Based on the results of the research, we can conclude that in Croatia the need is evident for an organized system of marine data management. Current distribution of the marine spatial data is not systematic so far. It is very slow, nontransparent and very expensive for a large number of users and stakeholders. It is also important to note that marine spatial data is more expensive than inland spatial data, because of the surveying methods and ways of data gathering.
Most of the respondents (80%) thought that the establishment of the MSDI is necessary. Many of the respondents (79%) are already using geoportals as a source of the spatial data. Large number of direct and indirect stakeholders of the future MSDI, 57% of them, is not familiar with the standards in this area, or the concept of MSDI. Most of the respondents have positive attitude to development of the MSDI in Croatia and development of the geoportal. According to all mentioned the need for MSDI is justified. Further development should be focused on the content and the model of MSDI, as well as the specific implementation.
Survey and methodology in this research is a part of the MSDI model establishment process as described by the INSPIRE guidelines. The goal of the survey was to explore among users the purpose of the future content, current state and the distribution of maritime spatial data. Questionnaire wanted to try out the necessity of the model production, to enhance the process of the data selection and distribution. The collected results should contribute to the creation of an optimal model concept.
Involving stakeholders in the process of MSDI establishment leads to a more effective system. Stakeholders have a better insight into the situation (user needs, needs of other stakeholders), suggesting their own requirements to avoid future management and other conflicts inside the MSDI.
Future research should be aimed towards addition of content and the MSDI model and moreover, its implementation. Achieving the technological precondition, and according to the user's needs that the survey has gathered the building of MSDI should be based on the European and international guidelines and standards. In further research, we plan to investigate the approaches of effective and seamless connection with the MSDI and the NSDI in a unique spatial model.
